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Form PCT/I PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 




International application No. PCT/I LOO/00420 



i. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -6, 1 0-58 as originally filed 

7-9,9a-9b as received on 04/10/2001 with letter of 30/09/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application In computer readable form. 

□ furnished subsequently to this Authority In written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



Claims, No.: 



1-18 



as received on 



04/10/2001 with letter of 



30/09/2001 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/I LOO/00420 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 8,10-13 

No: Claims 1-7,9,14-18 

Inventive step (IS) Yes: Claims 

No: Claims 1-18 

Industrial applicability (!A) Yes: Claims 1-18 

No: Claims 



2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1: WO 98 01 162 A (THE JOHN HOPKINS UNIVERSITY) 15 January 1998 
D2: DATABASE WPI Week 199533 Denwent Publications Ltd., London, GB; AN 
1995-253643 XP0021 53583 & RU 2 027 190 A (AUTENSHLYUS A I). 20 
January 1995 

D3: WO 93 25239 A (ADVANCED MAGNETICS IC) 23 December 1993 
D4: US-A-4 146 515 (PETER D. BUIKEMA ET AL.) 27 March 1979 

1. Novelty 

1.1. D3 refers to conjugates of arabinogalactan or derivatives thereof with therapeutic 
agents like DNA or antisense nucleic acid, for targeting the therapeutic agent into the 
cells possessing a asialoglycoprotein receptor which is capable of recognising the 
arabinogalactan derivative (see claim 28 and page 7, lines 7-14). Examples are given 
in which the positively charged poly-L-lysine arabinogalactan can cause some agents 
such as negatively charged nucleic acids like genes and antisense oligonucleotides to 
adhere by ionic exchange forces (see claim 9 and page 9, lines 4-15). A galactose 
oxidase treatment of arabinogalactan can be used to create aldehyde groups, which 
can be reacted with diamine compounds like ethylenediamine followed by reduction 
with sodium borohydride, for use for the attachment of therapeutic agents (see page 9, 
lines 18-24). 

The subject-matter of claims 1-7, 9 and 14-18 is therefore not novel over D3 (Article 
33(2) PCT). 

1.2. D2 is concerned with a conjugate of polysaccharide antigen and polyethylene 
imine -(NH-CH2-CH2)x-[N(CH2-CH2-NH2)CH2CH2]y- used as a bonding linkage, useful as 
an immunosorbent for detecting streptococcal and pneumococcal infections. 

The subject-matter of claims 1, 3, 5, 6, 9, 14, 17 and 18 is not novel over D2 (Article 
33(2) PCT). 
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1.3. The subject-matter of claims 8 and 10-13 is considered to be novel over the 
available state of the art (Article 33(2) PCT). 

2. Inventive step 

The features of claims 9 and 11-14 are of common design procedure for the person 
skilled in the art. The subject-matter of these claims cannot therefore be considered as 
involving an inventive step (Article 33(3) PCT). These measures could only be deemed 
to be inventive if an unexpected effect was shown. However, the examples provided by 
the Applicant do not exhibit such an effect. 

3, Industrial apolicabilitv 

The subject-matter of present claims 1-18 appears to comply with the requirements of 
industrial applicability as stipulated in Article 33(4) PCT. 
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4. form a stable enough complex with low and high molecular weight 
polynucleotides including therapeutic plasmids and antlsense. 

5. provide effective polymeric delivery system that result in a high transfectlon yield in a 
range of cells and in tissues. 

6. can be reproducibly prepared at an affordable cost 

Another objective of tills invention is to provide a controlled release of DNA in 
tissue or cell by complexing DNA with designed polymers that gradually de-complex and 
release the DNA or by Incorporation of the complexed polynucleotides in a biodegradable 
matrix which will release the DNA In the site of insertion for periods of weeks and 
months. 

Thus, according to the present invention there is provided a biodegradable 
polycation composition associated with an anionic macromolecule, said 
macromolecule being selected from the group consisting of a plasmid, an 
oligonucleotide, an antlsense, a peptide, a protein, an anionic polysacharlde and 
combinations thereof, comprising: 

a) a polysaccharide chain having an amount of saccharide units ranging 
from 2 to 2000; and 

b) at least one grafted oligoamine per 5 saccharide units, wherein said 
ollgoamine is selected from the group consisting of a linear, branched and cyclic 
alkyi amine having at least two amino groups and said oligoamine has a molecular 
weight of up to 2000 daltons. 

In another preferred embodiment of the present invention said polysaccharide 
chain Is selected from the group consisting of dextrans, arabinogalactan, puHulah. 
cellulose, celiobios, inulin, chitosan, alginates and hyaluronic acid. 

In a further preferred embodiment of the present Invention said saccharide 
units are connected by a bond selected firom the group consisting of acetal, 
hemlacetal, ketal, orthoester, amide, ester, carbonate and carbamate. 

In an even further prefenred embodiment of the present invention said 
polysaccharide is a synthetic polysaccharide formed from the condensation of an 
aldaric acid and a diaminoalkane. 
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In a preferred embodiment of the present invention said grafted oligoamine is 
grafted to said polysaccharide chain by a bond selected from the group consisting of 
amine, amide and carbamate. In another preferred embodiment the oligoamine has 
the formula: 

NH2-[CH2)x-N-(R)-CH2)rN-(R')-(CH2)Hn-NH2 
wherein x, y, z are an integer between 0 and 4 and x+y+z is between 1 and 4 and n 
is at least 1 when x+y+z=2 or more, or at least 2 when x+y+z=1 and wherein R and 
R' groups are H or an aliphatic side group of 1 to 6 carbons. 

In a further prefen^ed embodiment of the present invention said oligoamine is 
selected from the group consisting of spermine and derivatives thereof. 

In an even further preferred embodiment of the present invention said 
oligoamine is selected from the group consisting of a linear and branched 
ethyleneimine oligomer having up to 10 ethylene imine units. 

In an even further preferred embodiment of the present invention said 
oligoamine is selected from the group consisting of a a peptide consisting of up to 
20 amino acids with at least 60% contain a catlonic side group including, lysine, 
ornithine, and diphthamic acid. 

In a preferred embodiment of the present invention said amphiphilic residue 
is selected from the group consisting of fatty chains, phospholipids, cholesterol 
derivatives, ethylene glycol oligomers and propylene glycol oligomers, \A4nereln said 
ethylene and propylene glycol oligomers have a fatty chain block on one side. 

In a further prefen-ed embodiment of the present invention said amphiphilic 
residue is connected to said polysaccharide chain by a bond selected from the 
group consisting of an amine, amide, imine, ester, ether, urea, carbamate and 
carbonate. 

In an even further preferred embodiment of the present Invention said 
amphiphilic residue facilitates the crossing of the polycatlon through biological 
membranes. . 
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In a preferred embodiment of the present invention said polycation 
composition is not toxic or immunogenic. 

In an even furtlner preferred embodiment, tlie composition of the invention further 
comprises a ligand for facilitating the binding of said composition to a predetennined type 
of cell or tissue. 

It is a further an objective of the invention to provide a pharmaceutical composition 
comprising the composition described above, In combination with a pharmaceutically 
acceptable carrier, 

it is a further an objective of the Invention to provide a phamiaceutical composition 
comprising the composition described above, in combination with amphiphilic cationic 
and/or nonionic lipids and cationic and nonionio polymers generally used for nucleotide 
delivery transfection. Examples of lipids Include DOTMA, DOTAP, DMRIE, GAP-DLRIE, 
DODHF, aWylated spemnine. and other derivatives described in: G, Byl< and D. 
Scherman, Exp. Opin. Ther. (1998) 8(9):1125-1141; D.A. Treco and R.F. Selden, non 
viral gene therapy. Molec. Med. Today, 1995, 1(7):299-348) 

The present invention describes a range of biodegradable polycations based on 
grafted oligoamine residues on synthetic or a natural polysaccharides which are effective 
in delivering plasmids and antisense for a high biological effect The grafting concept 
where side chain oligomers are attached to either a linear or branched hydrophilio 
polysaccharide backbone, allows two/three dimensional interaction with an anionic 
surface area typical to the double or single strand DNA chain. This type of flexible 
cationic area coverage is not available with non-grafted polycations or low molecular 
weight cations. Low molecular weight amines and their lipid derivatives such as the 
lipofectin and iipofectamine have a localized effect on the DNA which the degree of 
complexation is dependent on how these small molecules organized around the anionic 
DNA. Each molecule has to be synchronized with the other molecules at all times of the 
transferction process whereas when the oligoamlnes are grafted on a polymer they are 
already synchronized and each side chain helps the other side chains to be arranged to 
fit the anionic surface of the given DNA. By grafting the functional groups is an average ^ 
distribution along a polymer chain at a certain distance between each other (for example, i 
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grafting an oligoamine chain every one, two, tliree or four polymer unit may provide 
optimal complexation with various DNAs. 

US 4,146,515 (D4) describes oxidation of starch and reacting It in bulk with 
epichlorhydrin-dlmethylamine or ammonia to improve the industrial properties of 
starch. The product is cationic but is not a grafted oligoamine conjugated to a 
polysaccharide. 

W093/25239 (D3) to Advanced Magnetics describes a range of derivatives of 
arabinogalactran. In Example 10 page 19, there is described the treatment of AG 
with galactose oxiddase (GO). The reaction details are given including the 
purification process and determination of the number of aldehyde groups formed. 
The oxidation with the enzyme takes place at room temperature vi/hich yields 0.34 
milliequivaients of aldehydes. This is an alternative method of oxidation of AG and is 
not related to an oligoamine conjugated to polysaccharides. 

In example 6, page 17 of said publication, there is described the reaction between 
polylyslne and arablnogalactan (AG) at a ratio of 500 mg polylysine and 100 mg of 
AG in the present of cyanoborohydride as reducing agent. The resulting product 
yield was 30 mg which represents a 5% yield. No date is given on the analysis of 
this product besides a comment that the product contains an amine and saccharide 
and has a molecular weight of 25,000. Under these reaction conditions in which AG 
was not oxidized and native AG was used, the chance for a chemical conjugation 
between polylysine and AG is very low as there are no or only a few aldehyde 
groups on AG that are available for a reductive aminatlon reaction. Indeed, the 
negligible yield of 5% with no characterized product indicates that probably nothing 
was obtained In this reaction and the 6% material isolated was either polylysine 
contaminated with AG or AG contaminated.v^th polylyslne, the latter seeming more 
probable as native AG has a molecular weight of 25,000. Thus this example does 
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not teach or suggest to a person skilled in the art the formation of an ollgoamine 
conjugated with polysaccharides. 

WO 98 01162 (D1) describes the formation of Chitosan nanoospheres containing 
DNA complexed with the cationic groups of the native Chitosan. Page 17 and Figs 7 
and 8 describe in detail the formation of the Chitosan nanospheres loaded with the 
DNA. Chitosan contains one amino group per saccharide unit as it is a polymer of 
glucose amine. This polymer is a polysaccharide with one amino side group which is 
not an oligoamine conjugated to a polysaccharide. 

RU 2,027,190 (D2) describes a conjugate of polysaccaharide antigen and 
polyethylene imine as an Immunosorbent for detecting streptococcal and 
pneumococcal infections. Said reference thus teaches an antigen which is 
chemically bound to a polysaccharide via a spacer which is a polyethylene Imlne 
and does not teach or suggest an oligoamine conjugated to a polysaccharide. 

US 5,567,685 describes the conjugation of various oxidizable drugs to a 
polysaccharide, however, does not teach or suggest an oligoamine conjugated to 
polysaccharide. 
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WHAT IS CLAIMED IS: 

1. A biodegradable polycation composition associated with an anionic 
macromolecule. said macromolecule being selected from the group 
consisting of a plasmid, an oligonucleotide, an antlsense, a peptide, a 
protein, an anionic polysacharide and combinations thereof, comprising: 

a) a polysaccharide chain having an amount of saccharide units ranging 
from 2 to 2000; and 

b) at least one grafted oligoamin© per 5 saccharide units, wherein said 
oligoamine is selected from the group consisting of a linear, branched and 
cydic alkyi amine having at least two amino groups and said oligoamine has 
a molecular weight of up to 2000 daltons. 

2. A biodegradable polycation composition according to claim 1. wherein said 
polysacdiaride chain is selected from the group consisting of dextrans, 
arabinogalactan, pullulan, cellulose, cetiobios. inulln. chltosan, alginates and 
hyaluronic acid. 

3. A biodegradable polycation composition according to daim 1, wherein said 
saccharide units are connected by a bond selected from the group consisting 
of acetal, hemiacetal. ketal, orthoester, amide, ester, carbonate and 
carbamate. 

4. A biodegradable polycation composition according to daim 1 , wherein said 

polysaccharide Is a synthetic polysaccharide formed from the condensation 
of an aldaric acid and a diaminoalkane. 

5. A biodegradable polycation composition according to claim 1 , wherein said 
grafted oligoamine is grafted to said polysaccharide chain by a bond selected 
from the group consisting of an amine bond, an amide bond and a carbamate 
bond. 

6. A biodegradable polycation composition according to claim 1 . wherein said 
oligoamine has the formula: 
NH2-[CH2)x-N-(R)-CH2)y-N-{R')-(CH2)z-]n-NH2 
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wherein x, y, z are an integer between 0 and 4 and x+y+z+ is between 1 and 
4 and n Is at least 1 when x+y+z=2 or more, or at least 2 when x+y+z=1 and 
wherein R and R' groups are H or an aliphatic side group of 1 to 6 carbons. 

7. A biodejgradable polycation composition according to claim 1 , wherein said 
oligoamine is a peptide of up to 20 amino acids with at least 50% of the 
amino acid are cationic including lysine, ornithine, and diphthamic acid. 

8. A biodegradable polycation composition according to claim 1 , wherein said 
oligoamine is selected from the group consisting of spermine and denVatives 
thereof. 

9. A biodegradable polycation composition according to claim 1, wherein said 
oligoamine Is selected from the group consisting of a linear and branched 
ethylenelmine oligomer having up to 1 0 ethylene imine units. 

10. A biodegradable polycation composition according to claim 1, having an 
amphiphilic residue wherein said amphiphlllc residue is selected from the 
group consisting of fatty chains, phospholipids, cholesterol derivatives, 
ethylene glycol oligomers and propylene glycol oligomers. 

11. A biodegradable polycation composition according to claim 11, wherein said 
ethylene and propylene glycol oligomers have a fatty chain block on one side. 

12. A biodegradable polycation composition according to claim 11, wherein said 
amphiphilic residue is connected to said polysaccharide chain by a bond 
selected from the group consisting of an amine, amide, Imine, ester, ether, 
urea, carbamate and carbonate. 

13. A biodegradable polycation composition according to claim 11, wherein said 

amphiphilic residue facilitates the crossing of the polycation through 
biological membranes. 

14. A biodegradable polycation composition according to claim 1, wherein said 
polycation composition is not toxic or immunogenic. 

i 

c 
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15. A biodegradable polycation composition according to claim 1. wherein said 
composition further comprises a ligand for facilitating the binding of said 
composition to a predetermined type of cell or tissue. 

16. A biodegradable composition according to claim 1, In combination with 
catlonic and nonionic lipids or polymers for cell transfection. 

17. A pharmaceutical composition, comprising the composition of claim 1, in 
combination with a pharmaceutically acceptable carrier. 

18. A pharmaceutical composition according to claim 17, wherein the 
pharmaceutically acceptable carrier is an amphiphiilic cationic and/or 
non-ionic lipid and catlonic and non-ionic polymers generally used for 
nucleotide delivery 
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